Abstract. Charged particle multiplicities in A+A and p(p) + p collisions as a function of pseudorapidity, centrality and energy are studied in both the nucleon and the constituent quark frameworks. In the present work, the calculation of the number of nucleon and constituent quark participants using the nuclear overlap model takes into account the fact that for the peripheral A+A and p+p collisions can not be smaller than two. A striking agreement is seen between the particle density in A+A and p(p) + p collisions, both at mid-rapidity and in the fragmentation regions, when normalized to the number of participating constituent quarks. The observations presented in this paper imply that the number of constituent quark pairs participating in the collision controls the particle production. One may therefore conjecture that the initial states in A+A and p(p) + p collisions are similar when the partonic considerations are used in normalization. 
-Introduction
Quantum Chromo-Dynamics (QCD) is the theory of strong interactions. From a theorist's point of view strong interaction means that all dimensionless quantities of the theory are of the order of unity. Meanwhile, there are at least two fundamental facts about strong interactions showing that actually it is not exactly so: there are still certain small parameters hidden. One is that nuclei can be viewed as made of weakly bound nucleons -in a true strong interactions case they would rather looke like a quark soup. The second puzzle is that the nucleon itself can be viewed as built of three constituent quarks (objects quasi-free non relativistic) -in a true strong interactions case it would rather look like a pack of an indefinite number of quarks, antiquarks and gluons. The presence of just three discrete objects in a nucleon is non-trivial from the point of view of the parton model, which permits any large number of point-like objects, i.e. quark-partons, inside a fast moving nucleon. The two notions can be reconciled if one accepts a nucleon with two radii: a nucleon radius R n that determines a mean distance between the constituent quarks, and a proper radius of the constituent,r q . In such a pattern, a fast moving nucleon is a viewed as a system of three clouds of partons, each containing a valence quark, a sea of the quark-antiquark pairs, and gluons. QCD calculations support the statment that inside a nucleon there are three objects of size of 0.1-0.3 fm [1] . Similar idea is applied in the study of multihadron production processes in different Send offprint requests to: rachid.nouicer@bnl.gov types of collisions in the framework of the picture based on dissipating energy of participants [2] .
In this paper, I illustrate a modified version on how to calculate the number of nucleon and constituent quark participants. One problem in previous calculations [3, 4] was confusion in applying the appropriate minimum-bias N q part to the p(p) + p collisions. A second, more general problem in the previous calculation which can be found in the Refs. [3, 4, 5] stems from the fact that in the nuclear overlap model in peripheral collisions the number of nucleon and constituent quark participants ( N n part and N q part ) can be smaller than two -this is because, in peripheral limit, the overlap integral has a meaning of 1/2 times the probability to have N n part =2. In the previous calculation [3, 4, 5] , the problem can be found in the estimate of N n part for the peripheral A+A collisions and easily from the calculation of the number of constituent quark participants for p+p collisions such plotting N q part versus collision centrality or impact parameter. A similar problem with the calculation of N n part for d+Au collisions using an optical approch has been reported by D. Kharzeev et al. [6] . The goal of the present paper is to study the charged particle multiplicities in the nucleusnucleus (A+A) and nucleon-nucleon (p(p) + p) collisions in both the nucleon and the constituent quark frameworks.
The motivations of this study are; nuclear collisions are studied at unprecedented energies at the Relativistic Heavy Ion Collider (RHIC), revealing several new phenomena embedded in a large amount of high-quality data [7] . However, several aspects of the results on charged par-ticle multiplicities in the nucleon framework (results scaled to the number of nucleon participants) are still not well understood such as; 1. the charged particle densities near mid-rapidity region in Au+Au at 200 GeV depend strongly on the collision centrality. The densities have been plotted as per nucleon participants pair [8] in order to disentangle pure nuclear effects. The common explanation of the phenomena is due to the hard processes. 2. the charged particle density at mid-rapidity region from A+A collisions are substantially higher than those of p(p) + p collisions at the same energy [9,10], 3. the charged particle densities at the fragmentation region from A+A collisions are substantially higher than those of p(p) + p collisions at the same energy [4] , 4. the integrated total charged particle in A+A collisions as a function of number nucleon participants is higher than p(p) + p collisions at the same energy indicating that there is no smooth transition between A+A and nucleon-nucleon collisions [11] .
The investigations on the aspects 1. and 2. have been already started in Refs. [3, 4, 5] using the old version which contains problem in the calculations of N for peripheral A+A collisions and p(p) + p collisions. In this paper, I will review the aspects 1. and 2. and I will extend the investigation to study the aspects 3. and 4. in both the nucleon and constituent quark frameworks, using the new version of the calculation.
-Calculation of the Number of Participants
The number of nucleon participants noted by N n part , and the number of constituent quark participants noted by N q part , are estimated using the nuclear overlap model in a manner similar to that used in Refs. [3, 4, 5] but I introduce in the present work a modification of the calculation procedure taking into account that for the peripheral collisions A+A and for p+p collisions in both framewroks; the N n part and N q part can not be smaller than two. The nuclear density profile is thus assumed to have a WoodsSaxon form,
where n 0 is the normal nuclear density, R n is the nucleus radius and d is a diffuseness parameter. For nucleus-nucleus (A+B) collisions, the number of nucleon participants, N n part , is in the present work calculated using the relation,
is the thickness function and P AB (b) is defined by: where T AB (b) is the overlap function defined as the product of the thickness functions of the colliding nuclei A and B, integrated over the two transverse dimensions:
A and B are the mass number of the two colliding nuclei and the σ inel N N is the inelastic nucleon-nucleon cross section. In the present work I use the FRITIOF parameterization R n = 1.16 A 1/3 − (1.16) 2 A −1/3 fm and d = 0.54 fm which are well within the measurements of electron scattering from Au nuclei [12] . is not linear and that it depends on the colliding energy.
For proton-proton (p+p) collisions the same procedure has been used to calculate the number of constituent quark participants by using A = 3 and B = 3 and the nuclear density profile is assumed to have a sharp sphere form with uniform radii of 0.8 fm [14] . The reason to use sharp sphere density profile is because the Wood-Saxon density profile becomes unrealistic for low A. The systematic error related to this approximation can be estimated by running the code with B=1 (for p+A), and comparing obtained TAB(0) value with TA(0) (for impact parameter b=0). The result is presented in Table 2 . The discrepancy is larger for Wood-Saxon profile with low A. The N q part for central, 0-6%, and minimum bias of p+p collisions are presented on the Table 3 . Fig. 3 shows the distributions of the number of constituent quark participants obtained from the present work elucidated as a function of collisions centrality for nucleon-nucleon (p+p) collisions at √ s N N = 53, 200 and 900 GeV.
-Physics Results and Discussions
Fig . 4 shows the centrality dependence of the charged particle density per participant pair. Fig. 4 .a shows the PHO-BOS results [8, 13] on dN ch /dη| |η|<1 per nucleon participant pair for Au+Au at 19.6, 62.4 and 200 GeV. The centrality dependence of the mid-rapidity yields has often been interpreted in a two component picture of particle production by soft and hard processes. As the beam energy increases, particle production from hard processes, which exceed the number of participants pairs by a factor ∼ 5-6 in central events for √ s N N ranging from 19.6 to 200 GeV, is expected to dominate over that from soft processes as the mini-jets cross sections increase [15] . Fig. 4 .b shows the centrality dependence of dN ch /dη| |η|<1 per constituent quark participants pair. I observe a constant or a slightly decreasing dependence of (dN/dη)/( N q part /2) on centrality from peripheral to central collisions for Au+Au [16, 17, 18] and RHIC [19] and in p(p) + p collisions (inelastic) [20] at 200 GeV and good scaling of (dN/dη)/( N q part /2) on centrality for Au+Au at 19.6 and 62.4 GeV. In Fig. 4.b, I extend the study presented in Ref. [5] from Au+Au at 200 GeV to 19.6 and 62.4 GeV using the new calculations. I agree with the interpretation presented in Ref. [5] that the experimentally observed increase of (dN ch /dη| |η|<1 )/( N n part /2) can be explained by the relative increase in the number of interacting constituent quarks in more central collisions. In the present work, I add to this study dN ch /dη| |η|<1 of p(p) + p inelastic as well NSD collisions. In Fig. 4 .b, I observe that the p(p) + p data are in good agreement with Au+Au data for different collision centrality at the same energy. It should be noted that in Fig. 4.b the dN [16, 17, 18] and for Au+Au and Cu+Cu collisions at RHIC [19] . Also shown for comparison are results from p(p)+p collisions [20] .
In the nucleon participants framework (solid symbols in Fig 5) , the particle density per nucleon participant pair for A+A collisions (solid points) shows an approximately logarithmic rise with √ s N N over the full range of collision energies. The comparison of the particle density per nucleon of Au+Au to Cu+Cu collisions at the same energies, √ s NN = 62.4 and 200 GeV indicates that in symmetric nucleus-nucleus collisions the density per nucleon participant does not depend on the size of the two colliding nuclei but only on the collision energy. This means that for Si+Si collisions at √ s NN = 200 GeV, the particle density per nucleon participant will be similar to Au+Au collisions at the same energy. Also I observe that the charged particle multiplicity per participant nucleon pair (solid symbols) in A+A collisions is higher compared to p(p) + p collisions at the same energy. It should be noted that number of nucleon participants for p(p) + p has been chosen to be 2 ( N n part (pp) =2). In contrast, I observe that the particle density per constituent quark participant pair (open symbols in Fig 5) is similar for nucleus-nucleus collisions and nucleon-nucleon collisions at the same energy. It thus appears that using partonic participants accounts for the observed multiplicity in both A+A and p(p) + p collisions. One may therefore conjecture that the initial states in A+A and p(p) + p collisions are similar. It should be noted that Fig 5 is similar to Fig.6 presented in Ref. [3] but it was done independently, extended to the Cu+Cu system, and used the new version of calculation presented in this paper. Fig. 6 shows the integrated total charged particle divided by a) per nucleon participant pair (N ch /( N n part /2)), b) per constituent quarks participant pair (N ch /( N q part /2)) for Au+Au and p(p) + p collisions at the same energy, 200 GeV. In the nucleon participant framework, panel a), the integrated total charged particle in Au+Au collisions, as a function of number nucleon participants, is higher than p(p)+p collisions indicating that there is no smooth transition between A+A and nucleon-nucleon collisions [11] . This observation can be strongly confirmed by adding the preliminary data from Cu+Cu presented by PHOBOS collaboration [19] (not shown in this figure) which correspond to the peripheral data of Au+Au system at the same energy. These comparisons between A+A and p(p) + p collisions are, however, based on scaling with the number of nucleon participants. In the constituent quarks framework, panel b), the N ch /( N q part /2) of p+p NSD (or inelastic) collisions agree with the central Au+Au collisions at the same energy.
In general, the charged particle production in the fragmentation region is thought to be distinct from that at mid-rapidity, although there is no obvious evidence for two separate regions at any of the RHIC energies. This observation is made based on the dN ch /dη distributions of charged particle presented in Ref. [10, 21] . Fig. 7 shows the charged particles produced in the fragmentation region for the most central (0-6%) Au+Au collisions at four RHIC energies compared to p(p) + p (inelastic and (NSD)) collisions at 200 GeV. When normalized to N n part /2, Fig. 7 .a, I observe that the multiplicity in the limiting fragmentation region in A+A collisions is higher than for p(p)+p collisions at the same energy, √ s N N =200 GeV. If, however, the comparison is carried out for multiplicities normalized to N q part /2, Fig.6 .b, A+A and p(p) + p collisions exhibit a striking degree of agreement. Again, this observation implies that the number of constituent quark pairs participating in the collision controls the particle production in the central collisions.
-Conclusions
The charged particle production results from A+A and p(p) + p collisions have been compared based on the num-
